Nanocrystals of zinc oxides have demonstrated to be very important materials for several applications in many fields, particularly in catalysis. Nanocrystalline zinc peroxide (ZnO 2 ), which is a precursor of zinc oxide (ZnO), has been prepared by means of a hydrothermal process from zinc acetate dehydrates. On the other hand, it is of great interest to have a detailed structural characterization, in order to correlate it with the catalytic properties of the synthesized material. In this work, some results are presented about the nanostructure of the prepared zinc peroxide. By using X-ray diffraction followed of a pattern refinement by the Rietveld techniques, refined average cell parameters and crystallite size were calculated and, from these refined values, crystallite morphology was simulated in an averaged manner. With the aim to get a more complete characterization, besides these results, some micrographs of the crystalline structure of ZnO 2 , observed by TEM, were also included in this work.
INTRODUCTION
Recently, there has been increasing interest in zinc peroxide (ZnO 2 ) and zinc oxide (ZnO), attracting the attention of many researchers because they have demonstrated to be very useful semiconductor materials with applications in rubber industry [1, 2] , in the high-tech plastic processing [3] , as an oxidant in explosives and pyrotechnic mixtures [4] . Zinc peroxide can also be useful in the cosmetic [5, 6] and pharmaceutical and therapeutic applications [6] [7] [8] [9] . Stable nanoparticles of zinc peroxide can additionally be used as precursor for preparation of ZnO nanoparticles [10] [11] [12] [13] . It is found that ZnO 2 nanoparticles decompose into ZnO at about 230 ºC and is stable up to 36 GPa at ambient temperature. With a great potential in applications, ZnO nanocrystals can be used as catalyst and photocatalyst [11, [14] [15] [16] [17] . ZnO could be added to zeolites in order to improve their catalytic properties. Nanocrystals, consisting of small crystallites of diameter < 100 nm, often have novel physical and chemical properties differing from those of the corresponding bulk materials [18] . The unique properties of nanocrystalline materials open up the general question of how crystallite size and shape affect the structural stability, and numerous efforts have been focused on controlling the sizes and shapes of inorganic nanocrystals, since they modify the surface area of the crystallites generally improving, among others, their catalytic properties. As mentioned above, they can be useful in many fields but little work have been done in some areas [9, 19] . Therefore, it is of great importance to produce high-quality ZnO 2 /ZnO nanocrystalline materials for basic research as well as industrial and high-technology applications [20, 21] . A few methods have been used in the preparation of zinc peroxide and zinc oxide, chemical and physical methods such as the hydrothermal one, laser ablation, solgel method precipitation in alcoholic medium, polyol synthesis, etc. In addition, other methods have been applied for the synthesis of ZnO nanostructures such as sputtering, molecular beam epitaxy, hydrothermal and electro-deposition [22] [23] [24] [25] [26] . In this work, nanocrystalline powders of zinc peroxide (ZnO 2 ), a precursor of zinc oxide (ZnO), have been prepared by means of a simple and low cost hydrothermal process of synthesis from zinc acetate dehydrates. These powders were structurally characterized having as propose to know their crystal size as well as their crystal shape. The powder samples were characterized mainly for running their X-ray diffraction patterns with a good statistic in order to calculate their crystallographic parameters by refining the pattern. Conditions of preparation and thermal treatment are related with the microstructure including nanocrystal size and shape. A pure cubic phase ZnO 2 was identified and after it was refined by using the Rietveld method to calculate some microstructural features of the nanocrystalline powders.
EXPERIMENTAL
In a typical synthesis 585.4 mg of zinc acetate dihydrate [Zn(CH 3 COO) 2 ·2H 2 O, 99.6%, Baker] was dissolved in 80 ml of ultrapure deionized water (E-pure Barnstead system, 18 MΩ cm) under vigorous stirring until to obtain a transparent solution. After, 4 ml of hydrogen peroxide (H 2 O 2 sol. 30%, Baker) was added. Then, the solution was heated up to 100 °C, and the hydrothermal reaction was conducted through 10 h. Once the solution was cooled to room temperature, the powder material was separated from the liquid phase by centrifugation and washed with deionized water several times. Structural and morphological characterization was performed by X-ray diffraction (XRD, Bruker Advance D-8) and low resolution transmission electron microscopy (TEM, Philips Tecnai F20, 200 kV).
The X-ray powder diffraction pattern of ZnO 2 sample was recorded in θ-θ configuration at room temperature using CuKα radiation (1.5418 Å). Diffraction intensity was measured in the 2θ of 10° -110°; setting 0.02° and 4.0 s as step width and step counting time, respectively. The crystalline structure of the nanoparticles was refined through Rietveld method by means of FULLPROF98 code [27] . The diffraction peaks were fitted using pseudo-Voigt functions [28] , containing the refinable parameters related to average crystallite size and shape [29, 30] . Sixteen variables were refined, including scale factor, refinable atom fractional coordinates, lattice parameters, isotropic thermal displacements, crystallite shape and size parameters, and values of strains. The modeled crystal structure was based in the available crystallographic data for cubic-ZnO 2 phase [31] . Finally, on using spherical harmonics functions, representative shape of the nanocrystallites was proposed. Figure 1 shows the experimental and refined X-ray patterns of analyzed sample. The XRD pattern reveals the single phase and crystal structure of cubic-ZnO 2 nanoparticles (Space group: Pa-3, No. 205), all diffraction peak positions match with those reported in the JCPDS card No. 13-0311 for cubic-ZnO 2 powders. Since no appreciable difference of relative XRD peak intensities between our diffraction pattern and such reported for powder samples, it is not expected nanocrystals with high aspect ratio; i.e. neither textured sample nor preferential orientation is observed. No diffraction peak attributed to wurtzite-ZnO can be observed in XRD pattern of as-synthesized sample. These results suggest that the synthesized sample is constituted by a collection of ZnO 2 nanocrystals, which was confirmed by TEM analysis, as it will be shown below. Table I shows the refined parameters calculated form Rietveld method. After refinement procedure, 4.89605(7) Å, 15.4(6) nm and 18 %, were obtained for cell parameter length, average crystallite size and maximum microstrain, respectively. The quality of the refinement (fitting), measured by the residual function Rwp, in our case was around 8.9%.
RESULTS AND DISCUSSION
With these microstructural results it is possible to create a model structure of the cubic cell utilized to perform the refinement. Figure 2 shows the model cubic cell with the cell parameters after refinement. It is important to mention that only few fractional atom positions change with respect to the theoretical structure. Table I . Refined cell parameters and calculated average particle size and maximum strain. On using the microstructural results summarized in Table I , it was possible to model a refined unit cell related to the hydrothermally grown ZnO 2 nanoparticles. Refinement procedure also includes some parameters which can be used to simulate the shape and size of the crystallites which constitutes the powder sample. The reported size of the crystallite is an average of its diameter in all the planar directions in the crystallite. Series of spherical harmonics functions are applied to rebuild the shape of such representative nanocrystallite (Figure 3 ). It can be observed that the final shape of the simulated crystallite could be related with a truncated cube, where the surface planes are the (100) and the truncated ones are the (111). It is possible to appreciate relative similitude between the simulated morphology and the observed in TEM images. Figure 4 shows the TEM image of the ZnO 2 powders and, although the material is agglomerated, it is possible to observe crystallites whose diameter are in the range of 5 to 15 nm, in agreement with calculated size using the Rietveld method. It will be necessary a study about the catalytic response of this material, however we can advance that the shape but especially the size in the nanometric regime, both features increase the surface area and this should favor their catalytic properties.
CONCLUSIONS
The hydrothermal chemical route is a facile and reliable method to synthesize high purity cubic-ZnO 2 nanoparticles, with faceted crystals and mean diameter of around 15 nm. Simulated morphology, structural properties and the unit cell parameters of synthesized cubicZnO 2 nanoparticles have been calculated using the Rietveld method. The obtained results are nearly consistent with those observed by means of transmission electron microscopy. We believed that, according with the cited literature, our ZnO 2 nanopowder can be easily used as precursor material to synthesize ZnO nanoparticles with similar morphology and size.
